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therefore endeavor to delineate their strengths and weaknesses in contrast to
the physically more comprehensive, but far more expensive and time-
consuming, three-dimensional, time-dependent general-circulation models of
the atmosphere and ocean.

The confidence that one can place on the results of climate simulations is
calibrated by a model's ability to replicate a variety of known physical states.
Since laboratory-based, experimental sources of validation are virtually
nonexistent, we must depend on empirical determinations gleaned from the
geophysical medium itself. Contemporary climate is one such obvious source,
especially its geographical, seasonal, and interannual structure. Furthermore,
past climates provide the only records of large excursions in climatic regimes
and are a key test-bed for developing and testing climate theory. It is
becoming increasingly clear that the major climatic changes of the scale of
glacial fluctuations are at least in part produced by the temporal and latitudinal
changes of solar radiation brought about by slight changes in the Earth's
orbital parameters (obliquity, time of perihelion, eccentricity). This finding
promises a major advance in our knowledge of the sensitivity of climate to
a small but well-known external forcing change. With both external forcing
and climatic changes identified, there is an opportunity to identify and to
quantify the role of internal feedbacks. In particular, studies of past climates
may be especially germane to the C02 question because there is evidence
that atmospheric CO2 itself may have undergone large variations in the past.
Often, only limited properties of the climate system of the past can be
ascertained. For example, in the case of the last ice age 18,000 years ago,
it is primarily the polar-ice perimeter, the sea-surface temperature, and the
continental vegetation regimes that can be reconstructed, to a limited extent
seasonally, but with limitations both temporally and geographically. Because
the state of the climate system is incompletely known, even at present, every
attempt must be made to determine the state as completely and with as little
ambiguity as possible. We venture here to document the methods of validation
and the conclusions that one can draw about the fidelity with which models
can at present simulate climate and its variationus. Special emphasis is given
to the oceans because of their central and only partially understood role,

One of the validation objectives specific to the CX)2 question is the early
detection of actual CO2-induced climatic changes predicted by climate models.
Here one wishes to identify a small signal that may be obscured by the
background of natural variability. If this variability were understood, it would
be internally generated by the climate model and would permit derivation of
a signal-to-noise ratio. In this case, the model could be used not only to
determine the optimum climatic indices to monitor but also when, where,
and how to monitor. However, should the model not incorporate an important
climatic process, such as the effects of ubiquitous trace gases or an ability